1. Introduction {#sec0005}
===============

Hand-foot-and-mouth disease (HFMD) is a general illness in children which usually is caused by some human enteroviruses ([@bib0065]). There were many reports which indicated some pandemics of HFMD were associated with EV71 infection in the Asia-Pacific area ([@bib0005], [@bib0070], [@bib0085], [@bib0120], [@bib0190], [@bib0195], [@bib0310]). EV71 belongs to members of the *Enterovirus* genus of the *Picornaviridae* family and is a positive-strand RNA virus with a genome size of about 7500 bp. The two non-translated regions (5′-NTR and 3′-NTR) flank the single open reading frame (ORF) of EV71 virus genome. The coding sequence encodes one polyprotein that is cleaved by viral proteases to generate 11 proteins, namely VP4, VP2, VP3, VP1, 2A, 2B, 2C, 3A, 3B, 3C and 3D. The structural proteins VP1-3 are exposed on EV71 surface. The VP1 gene contained the major antigenic sites and genetic diversity associated with serotypes ([@bib0230], [@bib0235]). Non-structural proteins were involved in polyprotein processing, RNA replication and the shut-down of host cell protein synthesis. In addition, recombinations are well known to result in a genetic diversity and evolution of enteroviruses ([@bib0055], [@bib0060], [@bib0300]). Due to various genetic diversities of EV71, the effect of the vaccine is limited to prevent children from EV71. This situation has made researchers aware of the importance of analysis of EV71 genetic diversity ([@bib0030], [@bib0045], [@bib0115], [@bib0130], [@bib0180], [@bib0220], [@bib0260]). It is noticed that nucleotide composition comprising of EV71 coding sequence with various genetic diversities is selective rather than random, because the natural selection from host is responsible to select various strains shaped by mutation. In previous reports, translation selection and compositional constraints under the mutational pressure are thought to be the major factors accounting for codon usage variation among genomes in microorganisms ([@bib0105], [@bib0145], [@bib0170], [@bib0345], [@bib0335], [@bib0340], [@bib0330]). In some RNA viruses, compared with natural selection, mutation pressure plays a more important role in synonymous codon usage pattern ([@bib0135], [@bib0175]). Although it is known that compositional constraints and translation selection are the more generally accepted mechanisms accounting for codon usage bias ([@bib0075], [@bib0150], [@bib0350], [@bib0325]), other selection forces have also been proposed such as fine-tuning translation kinetics selection as well as escape of cellular antiviral responses ([@bib0020], [@bib0025], [@bib0155], [@bib0285]). Thus, the codon usage pattern may be important to disclose the molecular mechanism and evolutionary process of EV71 avoiding host cell response. To our knowledge, it is the first study that the synonymous codon usage pattern and evolutional dynamics of EV71 were systemically analyzed and the relationship between codon usage pattern of EV71 and that of its host was also analyzed.

2. Materials and methods {#sec0010}
========================

2.1. Sequence data {#sec0015}
------------------

The 74 complete RNA sequences of EV71 were downloaded from the National Center for Biotechnology Information (NCBI) (<http://www.ncbi.nlm.nih.gov/Genbank/>) and detailed information about the viruses were listed in [Table S1](#sec0090){ref-type="sec"}. Each general nucleotide composition (U%, A%, C% and G%) and each nucleotide composition in the third site of codon (U~3~%, A~3~%, C~3~% and G~3~%) in EV71 coding sequence were calculated by biosoftware DNAStar 7.0 for windows.

2.2. Calculation of the relative synonymous codon usage (RSCU) {#sec0020}
--------------------------------------------------------------

To investigate the characteristics of synonymous codon usage without the confounding influence of amino acid composition among different sequences, the relative synonymous codon usage (RSCU) values among different codons in the EV71 ORF was calculated according to the published equation ([@bib0280]).

2.3. Analysis of codon usage bias {#sec0025}
---------------------------------

The 'effective number of codons' (ENCs), the useful estimator of absolute codon usage bias, was a measure quantifying the codon usage bias of the whole coding sequence of EV71. The ENC value ranges from 20 (when only one synonymous codon is chosen by the corresponding amino acid) to 61 (when all synonymous codons are used equally) ([@bib0295]). In this study, this measure was used to evaluate the degree of codon usage bias of coding sequences for proteins of EV71 and to calculate the degree of the codon bias for the whole coding sequence of EV71 and other picornaviruses.

Additionally, there is a simple method which is supposed that statistically equal and random usage of all available synonymous codons was the "neutral point" (RSCU~0~  = 1.00) for the development of group-specific codon usage ([@bib0330]). This method was introduced in the study to investigate the discrepancy of the synonymous codon usage pattern among of EV71 strains based on the different isolated areas.

2.4. Principal component analysis {#sec0030}
---------------------------------

Principal component analysis (PCA), which was a commonly used multivariate statistical method ([@bib0140], [@bib0210]), was carried out to analyze the major trend in codon usage pattern among different strains of EV71. PCA involves a mathematical procedure that transforms some correlated variable (RSCU values) into a smaller number of uncorrelated variables called principal components. Each strain was represented as a 59 dimensional vector, and each dimension corresponded to the RSCU value of each sense codon, which only included several synonymous codons for a particular amino acid, excluding the codon of AUG, UGG and three stop codons. In addition, PCA was also performed for analyzing the discrepancy between codon usage pattern of EV71 and that of host cell.

2.5. Correlation analysis {#sec0035}
-------------------------

The relationship between each general nucleotide composition (U%, A%, C% and G%) and each nucleotide composition in the third site of codon (U~3~%, A~3~%, C~3~% and G~3~%) in EV71 coding sequence and the relationship between U~3~%, A~3~%, C~3~%, G~3~% and the codon usage pattern of EV71 were evaluated by the Pearson\'s rank.

All statistical processes were carried out by statistical software SPSS11.5 for windows.

3. Results {#sec0040}
==========

3.1. Synonymous codon usage in EV71 {#sec0045}
-----------------------------------

The A% and U% were higher than C% and G%, but A~3~% and U~3~% were lower than C~3~% and G~3~% in EV71 ([Table S2](#sec0090){ref-type="sec"}). The overall nucleotide composition never affects the nucleotide contents in the third site of codon in EV71 coding sequence, suggesting that composition constraints may be one of the factors in affecting the codon usage pattern of EV71.

The optimal codons of Ala, Arg, Asp, Cys, Glu, Gly, Ile, Phe, Pro, Ser were A-ended or U-ended, while those of Asn, Glu, His, Leu, Lys, Thr, Tyr, Val were C-ended or G-ended ([Table 1](#tbl0005){ref-type="table"} ). EV71 does not depends on all optimal codons with either A/U-end or C/G-ended like influenza A virus subtype H5N1, sever acute respiratory syndrome *Coronavirus* or foot-and-mouth disease virus (FMDV) ([@bib0105], [@bib0305], [@bib0330]), but shapes the optimal codons with any types of nucleotide-ended. It is noted that although Asn, Leu, Tyr, Glu, Lys and Thr possessed optimal codon with C- or G-ended, they also contained some favored codon with U- or A-ended. Similarly, Asp, Phe and Cys also had favored codons with C- or G-ended ([Table 1](#tbl0005){ref-type="table"}). These amino acids which choose optimal codons with any nucleotide-ended are affected under both mutation pressure by itself and natural selection from host, since natural selection from host ultimately allows those strains with good-fitness to possess a special codon usage patterns.Table 1The synonymous codon usage patterns of EV71 virus and human cell.AA[a](#tblfn0005){ref-type="table-fn"}CodonRSCU[d](#tblfn0020){ref-type="table-fn"}AA[a](#tblfn0005){ref-type="table-fn"}CodonRSCU[d](#tblfn0020){ref-type="table-fn"}Ala[b](#tblfn0010){ref-type="table-fn"}GCA1.223Leu[c](#tblfn0015){ref-type="table-fn"}CUA0.807GCC[f](#tblfn0025){ref-type="table-fn"}0.996CUC1.131GCG[g](#tblfn0030){ref-type="table-fn"}0.536CUG[f](#tblfn0025){ref-type="table-fn"}0.976**GCU**1.245CUU1.119Arg[b](#tblfn0010){ref-type="table-fn"}**AGA**[f](#tblfn0025){ref-type="table-fn"}1.853UUA[g](#tblfn0030){ref-type="table-fn"}0.805AGG1.702**UUG**1.159CGA[g](#tblfn0030){ref-type="table-fn"}0.568Lys[c](#tblfn0015){ref-type="table-fn"}AAA[g](#tblfn0030){ref-type="table-fn"}0.907CGC1.020**AAG**[f](#tblfn0025){ref-type="table-fn"}1.093CGG0.388Phe[b](#tblfn0010){ref-type="table-fn"}UUC[f](#tblfn0025){ref-type="table-fn"}0.979CGU0.469**UUU**[g](#tblfn0030){ref-type="table-fn"}1.020Asn[c](#tblfn0015){ref-type="table-fn"}**AAC**[f](#tblfn0025){ref-type="table-fn"}1.091Pro[b](#tblfn0010){ref-type="table-fn"}**CCA**1.589AAU[g](#tblfn0030){ref-type="table-fn"}0.909CCC[f](#tblfn0025){ref-type="table-fn"}0.881Asp[b](#tblfn0010){ref-type="table-fn"}GAC[f](#tblfn0025){ref-type="table-fn"}0.900CCG[g](#tblfn0030){ref-type="table-fn"}0.405**GAU**[g](#tblfn0030){ref-type="table-fn"}1.100CCU1.124Cys[b](#tblfn0010){ref-type="table-fn"}UGC[f](#tblfn0025){ref-type="table-fn"}0.972Ser[b](#tblfn0010){ref-type="table-fn"}AGC[f](#tblfn0025){ref-type="table-fn"}0.994**UGU**[g](#tblfn0030){ref-type="table-fn"}1.028AGU1.172Gln[b](#tblfn0010){ref-type="table-fn"}**CAA**[g](#tblfn0030){ref-type="table-fn"}1.103**UCA**1.315CAG[f](#tblfn0025){ref-type="table-fn"}0.897UCC1.133Glu[c](#tblfn0015){ref-type="table-fn"}GAA[g](#tblfn0030){ref-type="table-fn"}0.933UCG[g](#tblfn0030){ref-type="table-fn"}0.367**GAG**[f](#tblfn0025){ref-type="table-fn"}1.067UCU1.019Gly[b](#tblfn0010){ref-type="table-fn"}GGA0.997Thr[c](#tblfn0015){ref-type="table-fn"}ACA1.201GGC[f](#tblfn0025){ref-type="table-fn"}0.498**ACC**[f](#tblfn0025){ref-type="table-fn"}1.221GGG0.994ACG[g](#tblfn0030){ref-type="table-fn"}0.376**GGU**[g](#tblfn0030){ref-type="table-fn"}1.499ACU1.202His[c](#tblfn0015){ref-type="table-fn"}**CAC**[f](#tblfn0025){ref-type="table-fn"}1.253Tyr[c](#tblfn0015){ref-type="table-fn"}**UAC**[f](#tblfn0025){ref-type="table-fn"}1.092CAU[g](#tblfn0030){ref-type="table-fn"}0.747UAU[g](#tblfn0030){ref-type="table-fn"}0.908Ile[b](#tblfn0010){ref-type="table-fn"}AUA[g](#tblfn0030){ref-type="table-fn"}0.691Val[c](#tblfn0015){ref-type="table-fn"}GUA[g](#tblfn0030){ref-type="table-fn"}0.471AUC[f](#tblfn0025){ref-type="table-fn"}1.048GUC0.893**AUU**1.261**GUG**[f](#tblfn0025){ref-type="table-fn"}1.678GUU0.958[^2][^3][^4][^5][^6][^7]

3.2. Genetic relationship based on synonymous codon usage in EV71 {#sec0050}
-----------------------------------------------------------------

The PCA detected the first principal component (*f* ~1~′) which can account for 13.73% of the total synonymous codon usage variation, and the second principal component (*f* ~2~′) for 11.81% of the total variation. It appeared to be a little complex with some overlapping plots representing different epidemic areas ([Fig. S1](#sec0090){ref-type="sec"}). The plots for strains isolated from China-Mainland, compared with that of strains isolated from other areas, could aggregate highly, while the plots for strains isolated from Malaysia and China-Taiwan scattered largely, the plots for strains from Singapore, USA, Japan and Switzerland did not indicate the genetic diversity obviously, due to the limited samples. For strains circulating in China-Mainland, social factors (public health, interpersonal communication, etc.) may play a role in influencing genetic diversity of these strains. However, for strains in China-Taiwan and Malaysia, geographic factors likely influence genetic diversity of those strains except for social factors.

3.3. Compositional properties of the whole coding sequence of EV71 {#sec0055}
------------------------------------------------------------------

The nucleotide contents of the whole coding sequence of EV71 were analyzed. In [Table 2](#tbl0010){ref-type="table"} , the significant positive correlations between A% and A~3~%, U% and U~3~%, C% and C~3~% and significant negative correlations among most of heterogeneous nucleotide contents indicated that composition constraints play a role in codon usage pattern of EV71; however, significant positive correlation between G% and A~3~%, C% and G~3~% and no correlation between G% and G~3~% might suggest that natural selection from host plays a role in codon usage pattern of EV71 as well. In addition, there were significant correlations between each nucleotide content in the third site of codon and codon usage indices (*f* ~1~ and *f* ~2~) ([Table 3](#tbl0015){ref-type="table"} ). Although the positive and negative correlations existed between C~3~% and *f* ~1~, and between C~3~% and *f* ~2~, respectively, the positive correlation play an important role in affecting the codon usage pattern due to *f* ~1~ being the first principal component.Table 2Summary of correlation analysis between the A%, U%, C%, G% and A~3~%, U~3~%, C~3~%, G~3~% in the whole coding sequences of 74 EV71 strains[a](#tblfn0050){ref-type="table-fn"}.A~3~%U~3~%C~3~%G~3~%(C~3~ + G~3~)%A%*r* = 0.869[\*\*](#tblfn0035){ref-type="table-fn"}*r* = −0.346[\*\*](#tblfn0035){ref-type="table-fn"}*r* = −0.316[\*\*](#tblfn0035){ref-type="table-fn"}*r* = −0.316[\*\*](#tblfn0035){ref-type="table-fn"}*r* = −0.102^NS^U%*r* = −0.307[\*\*](#tblfn0035){ref-type="table-fn"}*r* = 0.918[\*\*](#tblfn0035){ref-type="table-fn"}*r* = −0.703[\*\*](#tblfn0035){ref-type="table-fn"}*r* = −0.703[\*\*](#tblfn0035){ref-type="table-fn"}*r* = −0.882[\*\*](#tblfn0035){ref-type="table-fn"}C%*r* = −0.467[\*\*](#tblfn0035){ref-type="table-fn"}*r* = −0.084^NS^*r* = 0.875[\*\*](#tblfn0035){ref-type="table-fn"}*r* = 0.875[\*\*](#tblfn0035){ref-type="table-fn"}*r* = 0.341[\*\*](#tblfn0035){ref-type="table-fn"}G%*r* = 0.316[\*\*](#tblfn0035){ref-type="table-fn"}*r* = −0.751[\*\*](#tblfn0035){ref-type="table-fn"}*r* = −0.027^NS^*r* = 0.027^NS^*r* = 0.671[\*\*](#tblfn0035){ref-type="table-fn"}(C + G)%*r* = −0.198^NS^*r* = −0.665[\*\*](#tblfn0035){ref-type="table-fn"}*r* = 0.832[\*\*](#tblfn0035){ref-type="table-fn"}*r* = 0.832[\*\*](#tblfn0035){ref-type="table-fn"}*r* = 0.884[\*\*](#tblfn0035){ref-type="table-fn"}[^8][^9]Table 3Summary of correlation analysis between the first two axes in principle and nucleotide contents in EV71.Base compositions*f*~1~′*f*~2~′A~3~%*r* = 0.359[\*\*](#tblfn0045){ref-type="table-fn"}*r* = 0.542[\*\*](#tblfn0045){ref-type="table-fn"}U~3~%*r* = −0.513[\*\*](#tblfn0045){ref-type="table-fn"}*r* = −0.516[\*\*](#tblfn0045){ref-type="table-fn"}C~3~%*r* = 0.238[\*](#tblfn0040){ref-type="table-fn"}*r* = −0.355[\*\*](#tblfn0045){ref-type="table-fn"}G~3~%*r* = 0.238[\*](#tblfn0040){ref-type="table-fn"}*r* = −0.355[\*\*](#tblfn0045){ref-type="table-fn"}(C~3~ + G~3~)%*r* = 0.439[\*\*](#tblfn0045){ref-type="table-fn"}*r* = 0.250[\*](#tblfn0040){ref-type="table-fn"}[^10][^11]

3.4. Qualitative evaluation of codon usage bias of the whole coding sequence of EV71 {#sec0060}
------------------------------------------------------------------------------------

The strong discrepancy of the synonymous codon usage in strains based on the different isolated areas was observed. In details, in strains from China-Mainland, CGC for Arg, GAC for Asp, CUU for Leu, UUC for Phe were chosen by EV71 strains preferentially, while CGG for Arg, GAC for Asp, UUU for Phe were chosen poorly; in Singapore, AUU for Ile, CUG for Leu, UCA for Ser were chosen preferentially, while UUG for Phe and UCG for Ser were chosen poorly; in USA, AGA for Arg was used preferentially, while GGU for Gly was used poorly; in Japan, GCU for Ala, AAU for Asn, CAA for Gln, GAA for Glu were chosen preferentially, while GCG for Ala and CAG for Gln were poorly used; in Switzerland, AGG for Arg, UGC for Cys, CUC for Leu, UUG for Leu, AGU for Ser were chosen preferentially; while CGA for Arg, UGU for Cys, CUG for Leu, CUU for Leu, AGC for Ser were poorly used ([Fig. S2](#sec0090){ref-type="sec"}). These results may suggest that with the development of evolution of EV71 strains, the discrepancy of some synonymous codon usage probably is formed in different epidemic regions.

3.5. Relationship between amino acids and codon usage pattern in EV71 {#sec0065}
---------------------------------------------------------------------

In order to analyze whether the evolution of CUB was controlled by mutation effect or natural selection from host, the CUB values had been calculated based on data listed in [Table 1](#tbl0005){ref-type="table"}. The transition from maximum-negative to maximum-positive values was smooth and there was no obvious or unambiguous border between the so-called dominant and prohibited codons ([Fig. 1](#fig0035){ref-type="fig"} ), namely, all synonymous codons were used. This result implied that the interaction between mutation pressure from EV71 and natural selection from host exists in the evolution of EV71.Fig. 1Distribution of the CUB of a codon for each amino acid. CUB was taken from [Table 1](#tbl0005){ref-type="table"} and sorted in ascending order.

3.6. Relationships between codon usage pattern of EV71 and that of the host cell {#sec0070}
--------------------------------------------------------------------------------

By comparing between the patterns of synonymous codon usage of human cell and that of EV71 virus, we found that the pattern of synonymous codon usage of EV71 strains is partially antagonistic to that of human cells. In detail, optimal codons of nine amino acids in EV71, including Ala, Asp, Cys, Gln, Gly, Leu, Phe, Pro, Ser, are the disfavored codons of the corresponding amino acids in its host. Among these non-coincidence patterns of synonymous codon usage of amino acids, the synonymous codon usage of Asp, Cys, Gln, Gly, Phe has evolved to be complementary to that of host cells ([Table 1](#tbl0005){ref-type="table"}). In addition, the optimal and rare synonymous codon usage patterns of Arg, Asn, Glu, His, Lys, Thr, Tyr and Val of EV71 virus were in agreement with those of human cells ([Table 1](#tbl0005){ref-type="table"}). Additionally, PCA was performed to examine the whole coding sequence of EV71 in this study. The method detected one major trend in the first axis (*f* ~1~′) which can account for 11.79% of the total synonymous codon usage variation, and another major trend in the second axis (*f* ~2~′) for 10.69% of the total variation. The plots for codon usage pattern of human are far from the plots for that of EV71 ([Fig. S3](#sec0090){ref-type="sec"}).

The ENC values were calculated for FMDV, Cardiovirus, Hapatitis A virus (HAV), Poliovirus (PV) and compared with that of EV71 ([Table S3](#sec0090){ref-type="sec"}). Among these virus examined, the ENC value for EV71 is highest, suggesting that EV71 has a most weak codon usage bias. In addition, we set up a plot which showed the relationship between GC~3~% and ENC values of all viral proteins (excluding the very small 3B protein) of EV71 virus, and found that the plots of coding sequences for VP1, VP2, VP3, 2A, 2C, 3A, 3C and 3D aggregated around the expected curve, but the plots of coding sequences for VP4 and 2B scattered highly under the expected curve ([Fig. S4a--4c](#sec0090){ref-type="sec"}). It may be explained that the codon usage bias of VP4 and 2B genes is influenced by their small size. In addition, there is no obvious geographic factor in influencing codon usage bias of the coding sequences of EV71, implying that the natural selection from the geographic factor does not affect the codon usage patterns of specific coding sequences of EV71, but shape the pattern of the whole sequence of this virus. Furthermore, we found that some specific non-optimal codons are preferentially chosen in some coding sequences of EV71. In details, three non-optimal codons (UUA, CUA and GUU) are chosen in the VP4 gene, UUG in the VP3 gene, CUU in the VP1 and 3A genes, UUU, CUU and GUU in the 3C gene. It is also found that all coding sequences of EV71 contain some preferential codons. In details, GUG, CCC, ACA, GCC and GAC are preferentially chosen in the VP4 gene, GUG, CCA and AGG in the VP2 gene, CUG, UCA, ACC and AGA in the VP3 gene, UCA in the VP1 gene, CUC, CCA and AGA in the 2A gene, CCU, AGA and AGG in the 2B gene, GUG, UCU, CCA, ACA and AGA in the 2C gene, CCA, ACU, AGU, AGC, AGA and AGG in the 3A gene, AUU, CCU, ACA, GCA, AGU and AGG in the 3C gene, GUG and AGA in the 3D gene. Taken together, there is no obvious relationship between the distribution of non-optimal codons and the deviation of ENC value from the theoretical value.

4. Discussion {#sec0075}
=============

The pattern of codon usage is a genetic characteristic of various organisms. Previous reports have been focused on viruses in Picornavirdae family, such as FMDV, HAV, Poliovirus ([@bib0020], [@bib0025], [@bib0075], [@bib0320]). Because A%, U%, G~3~% and C~3~% play roles in the formation of the different optimal codons with any nucleotide-ended, the codon usage pattern of EV71 is likely influenced by composition constraints. The codon usage pattern of PV is mostly coincident with that of its host, while the codon usage pattern of HAV is antagonistic to that of its host ([@bib0225], [@bib0255]). The codon usage pattern of EV71 is a mixture of the two types of codon usage. The coincident portion of codon usage pattern of EV71 enable the corresponding amino acids to be translated efficiently, the other antagonistic portion of codon usage pattern of EV71 may enable viral proteins to be folded properly, although the translation efficiency of the corresponding amino acids decreased. In Epstein-Barr virus latent genes deoptimize codon usage in order to evade competition for host protein translation ([@bib0150]) and attenuation of PV activity was performed by rare codon pairs inducing poor translation for sequences of viral proteins ([@bib0075]). These results suggest that disfavored codons coding for amino acids may not be deleterious factor for viruses to adapt to host cells. For codon usage patterns of the coding sequences of EV71, the VP2, 2A, 2B, 2C and 3D genes possess only some preferential codons and none of non-optimal codons is preferentially used, implying that translation of the whole coding sequence of EV71 is possibly regulated under the translation selection. Furthermore, the alternative translation is the possibility of fine-tuning the kinetics of protein translation by a combination of rare and optimal codons ([@bib0025], [@bib0160]). For codon usage patterns of VP4, VP3, VP1, 3A and 3C genes of EV71, these genes possess combination of some non-optimal codons and optimal ones which are preferentially used, implying that translation of the coding sequences of EV71 is possibly regulated under fine-tuning translation kinetics selection.

The sequences 5′NTR and VP1 are often used to analyze the genetic diversity of EV71 ([@bib0110], [@bib0125], [@bib0185]). By analyzing the codon usage pattern of the whole coding sequence of strains from different areas, genetic diversity resulting from geographic and social factors is likely observed. The genetic diversity of the most strains from China-Mainland could indicate that a relatively independent area with geographic, public health and personal communication that enables the genetic diversity of EV71 to be sustained with little outside influence. Compared with the genetic diversity of strains from China-Mainland, that of strains from China-Taiwan and Malaysia also indicated that social factors play an important role in shaping the codon usage patterns of these strains. Based on the genetic diversities of China-Taiwan and Malaysia, social factors may play important roles in shaping codon usage patterns of EV71 from the two areas. These genetic diversities of EV71 strains from different areas give a sign that geographic and social factors should be noticed at genetic diversity of virus from different areas.

The ENC values calculated for some picornaviruses indicate that a significantly lower bias of codon usage exists in EV71 than in the other viruses. As for RNA viruses, previous study reported that the major factor in shaping codon usage patterns appears to be mutation pressure rather than natural selection ([@bib0345], [@bib0305], [@bib0320], [@bib0335], [@bib0330]). However, the genetic characteristics of EV71 suggest the interaction between mutation pressure and natural selection, although ENC values for the whole coding sequence of EV71 suggest mutation pressure is a factor in influencing codon usage pattern. Furthermore, in [Fig. S4a--4c](#sec0090){ref-type="sec"}, the relationship between ENC data for EV71 proteins and CG~3~% indicated that natural selection probably play roles in genetic diversity of EV71 strains except for mutation pressure in order to adapt to host. A general mutational pressure, which affects the whole genome would certainly account for the majority of the codon usage among some RNA viruses ([@bib0135]).

The genetic diversity and codon usage patterns results we proposed here are useful to understand the processes influencing the evolution of EV71, especially the roles played by natural selection from host and mutation pressure from virus. Additionally, such information might be helpful to understand the roles of geographic and social factors in influencing genetic diversity of EV71.

Appendix A. Supplementary data {#sec0090}
==============================

Fig. S1A plot of values of the first axis and the second axis of each EV71 strain for the principle component analysis. Fig. S2The CUB character corresponding to per codon for amino acid. Codon usage bias (CUB) values were calculated in strains based on the different isolated areas. Fig. S3The discrepancy between codon usage pattern of human cells and that of EV71. Fig. S4aENC vs. GC~3~% plot of the coding sequences for VP1-4 of EV71. ENC value denotes the effective number of codon of each coding sequence. The solid line represents the relationship between ENC and GC~3~% under random codon usage assumption. Fig. S4bENC vs. GC~3~% plot of the coding sequence for 2A, 2B and 2C of EV71. Fig. S4cENC vs. GC~3~% plot of the coding sequence for 3A, 3C and 3D of EV71.
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[^2]: Stands for amino acid.

[^3]: Stands for amino acids whose optimal codons are A- or U-end.

[^4]: Stands for amino acids whose optimal codons are C- or G-end.

[^5]: Stands for the relative synonymous codon usage value.

[^6]: Stands for the optimal codons used in human cells ([@bib0245], [@bib0255]).

[^7]: Stands for the rare codons used in human cells ([@bib0245], [@bib0255]).

[^8]: *r* value in this table is calculated in each correlation analysis.

    NS means non-significant (*p* \> 0.05).

[^9]: Means *p* \< 0.01.

[^10]: Means 0.01 \< *p* \< 0.05.

[^11]: Means *p* \< 0.01.
